Introduction
============

The differentiation among different causes of ACTH-dependent hypercortisolism is crucial to establish a proper treatment for this condition; the minority of patients with ectopic ACTH secretion (EAS) must be distinguished from the much larger population of patients with pituitary-dependent ACTH hypersecretion. The need for an effective distinction comes from the observation that (more frequently than previously believed) tumors-secreting ACTH ectopically cause a syndrome, which is often clinically and biochemically indistinguishable from a syndrome of pituitary origin. Many of these tumors (particularly bronchial carcinoids) remain occult to the specific imaging techniques for many years. In this context, the diagnostic accuracy of the stimulatory and inhibitory hormone tests is suboptimal: 65--100% sensitivity and 60--100% specificity for the high-dose dexamethasone test and 70--93% sensitivity and 95--100% specificity for the CRH test ([@bib1], [@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11]).

In the authors' experience, 4 out of 11 patients with EAS showed cortisol suppression after high-dose dexamethasone and 3 out of 12 showed ACTH and/or cortisol response to CRH stimulation according to current response criteria. The use of more stringent criteria to define responsiveness to the diagnostic tests increases the ability to differentiate Cushing's disease (CD) from EAS, but invariably leads to reduced diagnostic sensitivity ([@bib12]). On the other hand, dynamic gadolinium-enhanced MRI of the pituitary with specific protocols (which represents the most accurate imaging modality) still has limited power in identifying subcentimeter ACTH-secreting microadenomas and, in addition, it identifies 10--20% of nonfunctioning pituitary incidentalomas. For these reasons, MRI cannot be completely relied upon to differentiate between a pituitary and an ectopic origin of ACTH hypersecretion ([@bib13], [@bib14], [@bib15]). Although the evidence of a pituitary macroadenoma (\>10mm) in the diagnostic work-up for ACTH-dependent hypercortisolism is highly suggestive of pituitary disease, this is not true for smaller lesions that still might be incidentaloma ([@bib16], [@bib17]). The Consensus Statement on Diagnosis and Complications of Cushing's Syndrome suggests 6mm as a reasonable cut-off for a pituitary lesion detected by MRI to be considered a corticotroph adenoma, providing a definitive diagnosis and not requiring further evaluation in the presence of dynamic biochemical studies compatible with CD ([@bib18]); however, there is no universal agreement on this size cut-off nor on the more appropriate size of a pituitary lesion that could allow a corticotroph adenoma and an incidentaloma to be distinguished from each other ([@bib19], [@bib20], [@bib21]). The accuracy of the 6mm tumor size cut-off value in the differentiation between patients with CD and EAS has been recently evaluated by Yogi-Morren and coworkers in 104 and 26 patients, respectively, providing 96% specificity for the diagnosis of CD ([@bib22]).

Historical review
=================

Inferior petrosal sinus sampling (IPSS) as a diagnostic tool in the differential diagnosis between pituitary-dependent and ectopic ACTH syndrome was established in the 1970s ([@bib1], [@bib23], [@bib24], [@bib25]). The determination of ACTH levels in the jugular vein had been previously attempted ([@bib26], [@bib27], [@bib28]); however, the risk of the dilution of jugular vein blood by multiple venous affluents limited its common clinical use. The procedure of IPSS was for the first time performed in one patient with Cushing's syndrome, by selective and bilateral (not simultaneous) catheterization via a transjugular approach ([@bib29]). Subsequently, IPSS was performed first by an unilateral approach ([@bib30], [@bib31], [@bib32], [@bib33]) to differentiate pituitary from ectopic ACTH oversecretion, then by bilateral and simultaneous catheterization, for lateralization of ACTH-secreting adenomas within the pituitary ([@bib34]). Later, Oldfield and coworkers in 1985 confirmed the usefulness of bilateral simultaneous sampling of inferior petrosal sinuses (BIPSS) in localizing the ACTH-secreting microadenoma in one side of pituitary gland, and showed the effectiveness of hemihypophysectomy on the side with the highest ACTH concentrations in three patients without pathological evidence of microadenoma ([@bib35]). The procedure has been subsequently further improved by direct stimulation of the pituitary corticotroph with corticotropin-releasing hormone (CRH), which was initially used during BIPSS to improve the lateralization of ACTH-secreting pituitary microadenomas ([@bib36], [@bib37], [@bib38]).

The importance of the additional use of CRH during IPSS to enhance the sensitivity of the procedure in the differentiation between eutopic and ectopic Cushing's syndrome was established by an extensive review of the NIH experience ([@bib39]).

Rationale of BIPSS
==================

In the setting of hypercortisolemia, the procedure is performed to differentiate a pituitary from an ectopic source of ACTH. ACTH is expected to be found at a higher concentration close to the gland with respect to distant location where admixture with blood from the systemic circulation occurs; the higher concentration of ACTH near the pituitary suggests pituitary ACTH excess as the cause of hypercortisolism.

The suppression of normal corticotrophs by the longstanding hypercortisolemia is crucial for the diagnostic accuracy of BIPSS, because it ensures that any ACTH measured is secreted by tumor tissue (pituitary or ectopic).

Use of CRH
==========
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Pitfalls to avoid
=================

It has been shown that blood from the anterior lobe of the pituitary remains lateralized as it flows into the inferior petrosal sinuses ([@bib40]). It has also been suggested that each single patient could have a dominant petrosal sinus that contains a much higher percentage of the total pituitary ACTH ([@bib41]). The reason for this side dominance remains unclear, but similar patterns of preferential unilateral venous drainage can be found in other venous sinuses of the brain ([@bib42]). As a consequence, in order to correctly predict the source of excess ACTH, blood samples must be taken from both inferior petrosal sinuses in order to avoid the risk of an incorrect identification of the side containing the higher ACTH concentration, and therefore make an erroneous diagnosis of EAS. The simultaneous sampling of both inferior petrosal sinuses overcomes the risk of sampling blood during different episodes of ACTH secretion and allows comparison between the sides of the pituitary in the attempt to localize the ACTH-secreting tumor within the gland (see 'BIPSS and corticotroph microadenoma lateralization'). Suppression of normal corticotroph function by sustained hypercortisolism is crucial to avoid false positives; in fact, a central-to-peripheral ACTH gradient, identical to the gradient seen in pituitary Cushing's, may occur in patients within active phase of cyclical hypercortisolism, previous medical treatment or pseudo-Cushing state ([@bib41]). In line with this observation, the procedure should be reserved to patients with clear biochemical evidence of ACTH-dependent hypercortisolism (i.e. the diagnosis of Cushing's syndrome must be established before performing BIPSS) and who are hypercortisolemic at the time of the procedure. It is our practice to collect a 24-h urinary sample for cortisol determination the day before the procedure to evaluate *ex post* its diagnostic accuracy; other clinicians share our policy or determine late-night salivary cortisol measurement performed immediately before the test ([@bib43], [@bib44]). Instead of obtaining 24-h UFC the day before the procedure, some suggest measuring serum cortisol level in the morning of the procedure of BIPSS or during the procedure (stat cortisol) to postpone it in case of normal/low cortisol concentration.

After bilateral adrenalectomy, the interpretation of BIPSS is difficult in the case of both the pituitary microadenoma and an ectopic source of ACTH, as normal corticotrophs are no longer suppressed and the level of plasma ACTH is elevated in comparison with peripheral values ([@bib41]).

Indications for BIPSS
=====================

The indication for BIPSS differs among clinicians; some suggest that BIPSS should be reserved to patients with clinical and biochemical evidence of CD and negative or equivocal MRI findings ([@bib45]), whereas others recommend BIPSS for patients with equivocal responses to hormone test or in cases of discrepancies between biochemistry and imaging findings ([@bib18]). Still others recommend BIPSS as a routine investigation in any patient with proven ACTH-dependent Cushing's syndrome ([@bib25], [@bib46]).

An additional reason to perform BIPSS is persistence of Cushing's syndrome after previous unsuccessful pituitary surgery, to ensure that the diagnosis of CD is correct.

Although the use of tracers or the composite positron emission tomography/MRI imaging might improve the delineation of Cushing microadenomas and increase their detectability, only 50--60% of patients with CD have shown evidence of a pituitary adenoma at MRI, less than the pretest probability of having the disease ([@bib17], [@bib47]). Performing BIPSS in any patient with negative MRI results may, therefore, lead to redundant investigations in many cases. Obviously, this is an area of controversy reflecting differences in practice even in centres of excellence.

In the authors' opinion, the need for performing BIPSS should be based on the response to the hormone tests and in particular to the CRH test. Previous data and the authors' experience have shown that an increase \>50% in ACTH and \>30% in cortisol has a very high specificity (90--100%) to potentially rule out the presence of EAS ([@bib8], [@bib48]). In this way, the diagnosis of EAS might be missed in the very rare occurrence of patients with CRH-secreting ectopic tumors that mimic CD ([@bib21], [@bib49], [@bib50]). Other data refute the use of CRH ([@bib51]).

The diagnostic accuracy of high-dose dexamethasone test (sensitivity 65--100%, specificity 60--100%) is lower than the CRH test ([@bib9], [@bib48], [@bib52]) and the usefulness of the test has been challenged ([@bib11]). The diagnostic yield of the procedure in the subgroup of patients with Cushing's syndrome and equivocal response to hormone tests has been questioned by Jeffcoate ([@bib53]). A retrospective evaluation of BIPSS in a subgroup of patients with these characteristics showed a slightly worse performance than in the whole population of patients with ACTH-dependent Cushing's syndrome ([@bib54]). This issue has not been prospectively and specifically addressed so far and it cannot be matched with the authors' experience.

In the authors' opinion, BIPSS should be performed in all patients with an ACTH/cortisol response to the CRH test not consistent with CD, independently from the response to the high-dose dexamethasone suppression test, unless MRI finding shows clear evidence of pituitary adenoma (\>6mm); on the other hand, in case of positive response to the CRH test, especially in case of a consistent response to the dexamethasone test, BIPSS should not be performed, even in the absence of MRI evidence of pituitary adenoma ([Fig. 1](#fig1){ref-type="fig"}). This could be an area of controversy and discussion, and reports of results from large series may resolve these eventually. Figure 1Algorithm representing authors' current practice on the indication for BIPPS. CRH +: positive response to CRH stimulation test defined as an increment ≥30% of serum cortisol over baseline or ≥50% or more of plasma ACTH over baseline. CRH −: negative response to CRH stimulation test defined as an increment \<30% of serum cortisol over baseline or \<50% of plasma ACTH over baseline. \*Use of BIPPS controversial, see text.

Venous anatomy
==============

Understanding the venous anatomy is crucial to the success of the procedure as anatomic variants affect catheterization as well as interpretation of results. Blood from the anterior lobe of the pituitary flows through small hypophyseal veins into a network of veins overlying the pituitary surface, which drains laterally into the cavernous sinuses, and from here into the inferior petrosal sinuses, which course posteriorly and caudally and enter the jugular bulb at the skull base ([@bib40]).

Anatomic variants may cause venous drainage from the cavernous sinus to follow pathways different from those expected, i.e. an anastomosis to the vertebral venous plexus before draining into the jugular vein, no connection between inferior petrosal sinus and jugular vein ([@bib55]), an hypoplastic or plexiform inferior petrosal sinus. As reported previously, a catheter inserted into an hypoplastic or plexiform sinus might appear appropriately positioned, but at the same time cause altered venous drainage causing an obstruction ([@bib56]).

In their review on 501 procedures, Doppman and coworkers reported four patients with negative petrosal sinus sampling in the presence of surgically proven CD due to a hypoplastic or plexiform inferior petrosal sinus on the side of the microadenoma ([@bib56]). The use of microcatheters during the procedure reportedly may allow a normal blood flow in asymmetric drainages ([@bib57]).

Direct sampling from the cavernous sinus might possibly compensate for the problems due to an atrophic or plexiform inferior petrosal sinus.

By reviewing the retrograde inferior petrosal sinograms of 100 consecutive patients with ACTH-dependent Cushing's syndrome, Doppman and coworkers reported that 75% had large, bilaterally symmetrical inferior petrosal sinuses, 18% had asymmetrical inferior petrosal sinuses with one smaller than the contralateral and in 7%, the petrosal sinuses were bilaterally small ([@bib56]). As the prevalence of abnormalities is greater than the prevalence of false-negative results, adequate catheterization can be considered as feasible in most cases.

It was suggested that the study of the pattern of venous drainage by complete venography of the basilar sinuses might be included within the interpretation of venous sampling data, particularly in the context of intersinus gradient of ACTH determination for localization of the pituitary adenoma. In the study by Mamelak and coworkers, the symmetric or asymmetric pattern of venous drainage in the cavernous and petrosal sinuses helped in the interpretation of the lateralization gradients ([@bib42]).

In the authors' institution, a venous angiography is always performed bilaterally, allowing one to confirm the correct positioning of the catheters.

Procedure
=========

The procedure must be undertaken by experienced interventional neuroradiologists with a team of trained operators; in these conditions, successful bilateral sampling is usually achieved in more than 90% of cases. It has been reported that the success rate increases with the level of expertise of the operator depending on the number of procedures carried out ([@bib19]). The procedure takes 60--90min (depending on the complexity of sinus catheterization) to be completed when ACTH sampling after CRH stimulation is included.

Informed written consent must be obtained from the patient before the procedure. A conscious sedation (diazepam) is maintained to assess the patient's condition.

Systemic anticoagulation is not necessary after vascular access; in the authors' experience, it should not be induced. When used, heparin is given as an i.v. bolus injection after vascular access has been obtained (e.g. 3500 IU heparin) ([@bib19]).

Through a percutaneous bilateral approach, catheters are inserted into the femoral vein and are advanced to the petrosal sinuses under fluoroscopic guidance; the most useful catheter is a 4--5-French catheter with a slightly angulated tip (30°--45°).

In order to verify proper catheter placement and venous drainage, digital subtraction venography should be performed before and after the sampling. (In the authors' institution, final venography is performed between 10′ and 15′ sampling.) Once catheters are properly placed, two sets of blood samples for basal ACTH determination are slowly withdrawn simultaneously from each petrosal sinus and a peripheral vein. In the author's approach, after obtaining basal samples, intravenous injection of CRH (100mcg or 1mcg/Kg bw) is administered as bolus, and poststimulation samples are obtained at 1′, 3′, 5′, 10′ and 15′. All samples are immediately collected in prechilled tubes containing EDTA kept on ice until centrifugation; centrifugation and plasma separation of blood samples should be performed within an hour and plasma samples frozen until ACTH assay. Patients then should rest in bed for 2--4h after sampling.

No difference in the accuracy of BIPSS has been noted when ovine or human CRH is used ([@bib19]).

Diagnostic criteria
===================

ACTH values are used to calculate the ratio of the concentration in the right or left inferior petrosal sinus to the concentration in the peripheral blood (IPS/P ratio) in each set of samples; then, the highest ratio is identified.

According to the criteria established in the seminal paper by Oldfield ([@bib39]), a central-to-peripheral ACTH maximal ratio ≥2 in basal conditions and ≥3 at any time point after CRH stimulation is strongly suggestive of pituitary secretion, i.e. CD (conventionally: positive test). If these thresholds are not met, a peripheral (ectopic) source of ACTH is presumed (conventionally: negative test). [Figure 2](#fig2){ref-type="fig"} shows examples of BIPSS results from authors' series.Figure 2(A) Plasma ACTH concentration (pg/mL) in a patient with final diagnosis of Cushing's disease (example of BIPSS data from the authors' series). (B) Plasma ACTH concentration (pg/mL) in a patient with final diagnosis of EAS due to bronchial carcinoid (example of BIPSS data from the authors' series).

Slightly different IPS/P ratios have been identified in other centres as adequately discriminating ectopic from eutopic ACTH secretion ([@bib19], [@bib58]). Based on the reports of patients with EAS with IPS/P ratio up to 1.7, it was suggested that more stringent criteria should be adopted ([@bib59]).

The ratio of the ACTH concentrations between the two inferior petrosal sinuses (intersinus gradient) indicates lateralization of ACTH secretion. According to Oldfield ([@bib35]), an intersinus ratio ≥1.4 in basal conditions is predictive of the localization of the adenoma within the side of the pituitary with the highest concentration.

Subsequently, intersinus gradients of ACTH recorded after CRH stimulation have also been considered for lateralization of the pituitary microadenoma, although it was previously shown that the positive predictive value of the test for lateralization of a microadenoma is not improved by sampling after CRH stimulation, with respect to basal sampling ([@bib39]).

Diagnostic accuracy of BIPSS
============================

The accuracy of BIPSS in the differential diagnosis of CD was demonstrated in a large series of 281 patients; 95% of patients with pituitary-dependent CD were distinguished from those with nonpituitary Cushing's syndrome in basal samples when the maximal IPS/P ratio was ≥2 and 100% of patients after CRH stimulation when the IPS/P ratio was ≥3; by contrast, all patients with EAS showed central-to-peripheral ratio \<2 in basal samples and \<2.3 after stimulation.

Note that patients with EAS could show an increase in sinus ACTH after CRH stimulation, although there was no significant change in peripheral blood ACTH levels during the same interval ([@bib39]).

With broadened experience with BIPSS, it clearly appears that the actual accuracy of BIPSS in clinical practice is lower than expected; both false-negative ([@bib19], [@bib60], [@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67]) and, less commonly, false-positive results have been reported ([@bib68], [@bib69], [@bib70]).

Overall, the sensitivity and specificity of the procedure range from 88 to 100% and from 67 to 100%, respectively ([Table 1](#tbl1){ref-type="table"}).

The possible determinants of reduced BIPSS performance are as follows:

1.  Technical/anatomical: the rate of successful catheterization is \<100%, and possible anatomical variants of the venous drainage from the pituitary may prevent catheterization.

2.  Patient/disease dependent: in patients with cyclical or mild Cushing's disease, low or intermittent ACTH production could prevent the production of a threshold IPS/P ratio; similarly, a pituitary tumor could be poorly responsive to CRH stimulation, and stimulation would not give rise to the expected IPS/P ratio (false negatives). On the contrary, an ectopic tumor with cyclical secretion of ACTH might incompletely suppress the secretory activity of normal corticotrophic cells allowing persistence of an IPS/P ratio, or in the case of an ectopic tumor the treatment with cortisol-lowering drugs might restore normal corticotrophic cells, which might respond to CRH stimulation and cause an adequate IPS/P ratio (false positives). The occurrences of concomitant ACTH-CRH secretion by an ectopic tumor or of a corticotroph adenoma ectopically located in the sphenoid sinus are very rare causes of false-positive and false-negative BIPSS, respectively ([@bib71]). Lastly, the occurrence of very low peripheral ACTH levels during BIPSS, such as those determined in the presence of a cortisol secreting adrenal lesion, could cause supra-threshold IPS/P ratios that are difficult to interpret (21, 63) ([Table 2](#tbl2){ref-type="table"}).

3.  'Procedural': a cause of reduced BIPSS performance is the *a priori* exclusion from calculation of sensitivity/specificity of BIPSS of all patients that are not formally classifiable or those having IPSS results predictive of an ectopic source, in whom definite diagnosis is never obtained and who did not undergo pituitary exploration. A number of these cases could prove to be false negatives ([@bib21]). Table 2Causes of reduced BIPSS performance.**False negativeFalse positive**Cyclic or mild CDCyclic EASLow responsiveness to CRH stimulation of corticotrophic tumorCortisol-lowering treatment in EASCorticotrophic tumor ectopically located in sphenoidal sinusVery low peripheral ACTH levelsCRH producing ectopic tumors

False-negative BIPSS results are more common than false positives and are generally interpreted as due to anatomical variants or technical reasons. The problem they pose involves the exposure of patients affected by pituitary disease to serial radiological and hormonal procedures in order to show an ectopic source of ACTH, and to palliative medical treatments or extreme surgical solutions such as bilateral adrenalectomy, based on the evidence that some ectopic ACTH-secreting tumors may remain occult for many years. On the other hand, patients are not or at a later stage offered a potentially curative surgical treatment such as pituitary adenomectomy.

Data suggest a prevalence of false negatives of 3--19%, reported in series smaller than that from the NIH ([@bib21], [@bib56], [@bib60]).

Some studies had suggested that the measurement of other anterior pituitary hormones, in addition to ACTH, might be useful during BIPSS in the context of correct lateralization of a microadenoma or, more specifically, for correcting for dilution by nonpituitary blood during BIPSS ([@bib72]).

In their retrospective analysis, Findling and coworkers showed that simultaneous measurement of PRL and ACTH is a reliable method for correcting for dilution by nonpituitary blood during BIPSS in Cushing's syndrome that may improve the diagnostic accuracy of the procedure by unmasking false-negative results ([@bib73]).

In the authors' experience, the correction for PRL concentration simultaneously sampled in BIPSS and peripheral blood in addition to ACTH, in 29 patients with ascertained CD and 5 with EAS with ascertained tumor, allowed reclassification of 4 patients with pituitary-dependent disease and false-negative BIPSS. More recently, Sharma and coworkers ([@bib74], [@bib75]) confirmed that measurement of prolactin levels during BIPSS can increase accuracy when the ACTH IPS/P ratio suggests EAS. Although supported by a limited number of observations, prolactin determination during BIPSS is a useful tool; in the authors' experience, serum for prolactin determination should be stored during BIPSS and prolactin concentration should be determined in case of absence of gradient ([@bib76]). According to two previous studies, an analysis of the peripheral ACTH response to CRH during BIPSS may be useful in the differentiation between false and true negatives, because a rise in peripheral ACTH was seen in false-negative but not in true-negative cases ([@bib19], [@bib63]). In the authors' experience, this observation cannot be confirmed, as an ACTH increase \>35% was recorded in peripheral blood from one of eight patients with EAS tested.

Use of desmopressin during BIPSS
================================

Desmopressin stimulation in addition to CRH during BIPSS was proposed to increase the sensitivity of the test, with the aim to overcome the risk of false-negative results in patients with Cushing's disease who are poor responders to CRH. The advantage of increasing the sensitivity of BIPSS by adding desmopressin to the stimulation with CRH must be balanced against the objective risk of an increase in false-positive responses in patients with EAS possibly due to the expression of the relatively selective desmopressin V2R subtype receptor in these tumors ([@bib77], [@bib78]), therefore compromising the specificity of the procedure. Data on this topic are contradictory ([@bib79]).

The use of desmopressin alone during BIPSS has also been investigated due to unavailability of CRH in some centres.

Although on a limited number of patients, previous and more recent reports highlight the role of desmopressin as a safe and effective alternative to CRH ([@bib80], [@bib81], [@bib82]).

Taking into account that the diagnostic criteria (basal and stimulated C/P ratios) adopted for the use of DDAVP in BIPSS are different among the studies and based on a very limited number of patients with EAS, it can be concluded that larger confirmatory studies have to be performed before this procedure is adopted in the daily practice; at present, BIPSS with CRH remains the gold standard in the evaluation of CD.

BIPSS and corticotroph microadenoma lateralization
==================================================

Due to the small size of ACTH-secreting adenomas and the clinical relevance of preoperative localization, it was hypothesized that BIPSS could help in localizing the adenoma within the pituitary. The ipsilateral drainage of the two sides of the pituitary and the proximity of sampling to the source of ACTH production would determine a gradient of concentration between the two sides, suggestive of the presence of the tumor on the side with the highest hormone concentration. Early studies investigating preoperative lateralization of BIPSS in patients with ACTH-secreting adenoma were performed on small series of cases, documenting 100% accuracy ([@bib34], [@bib35], [@bib36], [@bib83]). According to Oldfield, an intersinus ratio ≥1.4 in basal conditions was predictive of the localization of the adenoma within the side with the highest concentration in 10 patients with CD and a pituitary microadenoma ([@bib35]). Some years later, Oldfield and coworkers extended their observations to a larger group of 281 patients and reported an accuracy of 68% during basal sampling and 71% after CRH stimulation ([@bib39]), in contrast with their previous study. A similar reduction in the accuracy of lateralization was observed by Landolt when the initial evaluation was extended to a larger series ([@bib84]). Differing from Oldfield, Landolt could observe an improvement in accuracy with the use of CRH stimulation.

Subsequently, several studies (most applying an intersinus ratio \>1.4) revealed that diagnostic accuracy of BIPSS in predicting tumor lateralization was poorer than expected from previous studies, with a range from 50 to 70% of correct prediction ([@bib25], [@bib59], [@bib60], [@bib62], [@bib85], [@bib86]). No improvement after CRH administration was consistently reported. In some studies, the predictivity of BIPSS in the preoperative localization of the adenomas was compared with the imaging studies, with discordant results; some studies claimed a superiority of BIPSS ([@bib19], [@bib87], [@bib88]), whereas others found no differences or a better predictive power of imaging ([@bib58], [@bib60], [@bib89]).

In order to understand the limits of the procedure and improve its diagnostic accuracy, Mamelak and coworkers suggested that a complete venous angiography was performed during the procedure, which demonstrated that asymmetric patterns of pituitary venous drainage were responsible for incorrect lateralization ([@bib42]).

The occurrence of reversal of lateralizing gradient after CRH stimulation has been repeatedly reported; when present, BIPSS is not reliable in localizing the side of adenoma ([@bib81], [@bib90], [@bib91], [@bib92]). Some studies had suggested that the measurement of other anterior pituitary hormones in addition to ACTH in the samples obtained during BIPSS might be useful in the prediction of correct lateralization of a microadenoma, allowing to normalize the side-to-side gradient of ACTH ([@bib83], [@bib93], [@bib94], [@bib95]). This hypothesis, based on the assumption that the hormones measured drained symmetrically in the two sides of the pituitary, was not consistently confirmed and conversely an intersinus, and central/peripheral gradient also for these hormones was repeatedly documented ([@bib96], [@bib97], [@bib98], [@bib99]). More recent reports on the use of PRL in addition to ACTH to correctly localize the pituitary adenoma site in CD have given conflicting result ([@bib100], [@bib101]).

The results of the prospective observational study carried out at NIH to evaluate the accuracy in lateralization of BIPSS on a large group of 501 consecutive patients with CD and pathological confirmation of ACTH-secreting adenoma were recently published; an interpetrosal ratio \>1.4 had a positive predictive value of 69% for lateralization, inferior to that of MRI (86%). In this series, asymmetric or anomalous inferior petrosal sinus anatomy at venography or cavernous sinus invasion were not associated with decreased lateralization accuracy, whereas predictivity of lateralization was associated with left-sided adenoma and consistent pre- and post-CRH intersinus gradient. In the authors' opinion, data from BIPSS should guide the surgical exploration in patients without radiological evidence of an adenoma without preventing an accurate exploration of the gland if a tumor were not found in the predicted area, due to limited accuracy of lateralization ([@bib102]).

BIPSS in children and adolescents
=================================

Experience with BIPSS in children and adolescents is less extensive than in adults. However, it has been successfully applied in young patients with CD to confirm the diagnosis of pituitary-dependent disease and help to localize the microadenoma within the pituitary. The results of BIPSS gave high prediction of the site of the tumor with an accuracy of lateralization results after CRH of 91% in a small series of 11 paediatric patients ([@bib103]).

In a larger series of 50 young patients, BIPSS was the best test for the differential diagnosis of ACTH-dependent Cushing's syndrome, with 100% accuracy. Lateralization results predicted correctly the site of the adenoma in 76% of patients ([@bib104]).

A subsequent study from the same institution on a larger number of young patients with CD could not confirm the reliability of BIPSS in the prediction of the site of the adenoma within the pituitary ([@bib105]).

Complications
=============

Petrosal sinus catheterization is an invasive procedure which can be complicated, albeit rarely, by severe adverse events. In clinical practice, the most common minor adverse event is groin hematoma, reported in 4% of patients. Very severe adverse events have a prevalence much lower than 1%.

Two occurrences of brainstem injury during BIPSS have been reported from the centre with the largest experience so far and two others were avoided. In no cases, the cause of the event was established, but it was hypothesized that microcatheters might increase the risk of entering anomalous petrosal sinus-to-brainstem bridging veins, thereby causing rupture or obstruction and increasing the risk of cerebellopontine injury or subarachnoid haemorrhage. It is suggested that neurological complications can be prevented if the patient is carefully monitored and the procedure is aborted at the earliest evidence of symptoms ([@bib106]).

Two other cases of brainstem injury have been reported by two different centres: a stroke affecting the brainstem at the level of the pontocerebellar junction and a brainstem infarction; a venous variant leading to transient venous hypertension or thrombosis was suspected ([@bib107], [@bib108]).

One case of subarachnoid haemorrhage and one of deep venous thrombosis were reported by Bonelli and coworkers; the patient with venous subarachnoid haemorrhage experienced elevated arterial blood pressure, headache and confusion during the procedure ([@bib109]).

One case of pulmonary embolism and a transient VI nerve palsy have also been reported ([@bib110], [@bib111]).

Jugular vein sampling
=====================

Jugular vein sampling (JVS) has been proposed as a safer and simpler alternative to BIPSS in the diagnosis of ACTH-dependent hypercortisolism. Its accuracy was initially assessed in a cohort of ten patients (6 with CD and 4 with EAS), providing unsatisfactory results ([@bib32]). Diagnostic performance was shown to be improved by the use of CRH stimulation and by positioning the catheter at a lower level of influx from petrosal sinuses, finding sensitivity for CD diagnosis of 80%. In the same study, the authors compared JVS with BIPSS carried out on two separate days, and recommended the use of JVS, simpler and safer, reserving BIPSS to cases of negative JVS results ([@bib112]).

These results were confirmed in a study where the two procedures were performed in the same session (sensitivity 81 and 94%, respectively) ([@bib113]). In a subsequent study, including 65 patients with CD and 13 patients with EAS, and using different central-to-peripheral ACTH cut-off values, Ilias and coworkers found, at 100% specificity, a sensitivity for JVS of 83% and for BIPSS of 94% confirming the opportunity to perform JVS with CRH as a first-line invasive test reserving the use of BIPSS in cases of negative JVS results ([@bib114]).

Overall, JVS is less invasive and adequately accurate to be first step procedure in institutions with limited BIPSS experience; in case of negative results, confirmatory BIPSS should be recommended.

Cavernous sinus sampling
========================

Cavernous sinus sampling for ACTH determination has been proposed as an alternative to BIPSS to improve the diagnostic accuracy in the differential diagnosis between CD and EAS and in the intrasellar localization of the adenoma in view of the greater proximity of cavernous sinuses to pituitary and expected higher ACTH concentrations.

Teramoto first introduced the procedure of selective venous sampling directly from cavernous sinus as an alternative to BIPSS, performing the procedure in a small series of patients and obtaining much greater central-to-peripheral ACTH gradients in comparison with BIPSS and a correct lateralization in all cases but one ([@bib115]). Subsequent studies confirmed the utility of CSS with an accuracy in localizing the adenoma ranging from 82 to 91% with no complications ([@bib116], [@bib117], [@bib118]).

Less favourable results were also reported in terms of both differential diagnosis and lateralization accuracy with warning on the greater risk of adverse events ([@bib42], [@bib119], [@bib120]).

Overall, CSS has not entered the routine use among the invasive procedures, and BIPSS remains the investigation of choice.

Conclusion
==========

BIPSS remains the best test to differentiate pituitary from ectopic ACTH-dependent Cushing's syndrome; although in clinical practice its accuracy is not 100%, it presents very high specificity and better sensitivity than other biochemical tests.

It is an invasive procedure, but the occurrence of adverse events is extremely rare.

There are some conditions to be met in order to increase the accuracy of the test and minimize the risks.

BIPSS must be reserved to patients with clear clinical and biochemical evidence of sustained hypercortisolism, as the procedure does not reliably differentiate normal subjects or pseudo-Cushing states from patients with mild or episodic CD.

The diagnosis of ACTH-dependent Cushing's syndrome must be ascertained before BIPSS is performed and hypercortisolism near the time of catheterization documented.

It is mandatory that BIPSS be performed by experienced operators with ability to cannulate the inferior petrosal sinus; a careful analysis of pretest venogram is crucial, and a postsampling venography should confirm the correct positioning of the catheters. Close attention must be paid to handling of sampling.
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[^1]: Basal and stimulated ratio \>2.

[^2]: Stimulation with desmopressin.

[^3]: Stimulation with CRH+desmopressin.

[^4]: Not known if procedures were done with or without use of CRH.

[^5]: Not known if procedures were done with CRH or desmopressin.

[^6]: None pathologically confirmed.
